Journal of
Clinical Medicine

Article

More Space, Less Noise—New-generation Low-Field Magnetic
Resonance Imaging Systems Can Improve Patient Comfort:
A Prospective 0.55T-1.5T-Scanner Comparison

Thilo Rusche *'*, Jan Vosshenrich, David J. Winkel

, Ricardo Donners, Martin Segeroth, Michael Bach,

Elmar M. Merkle and Hanns-Christian Breit

check for
updates

Citation: Rusche, T.; Vosshenrich, J.;

Winkel, D.J.; Donners, R.; Segeroth,
M.; Bach, M.; Merkle, E.M.; Breit,
H.-C. More Space, Less
Noise—New-generation Low-Field
Magnetic Resonance Imaging
Systems Can Improve Patient
Comfort: A Prospective
0.55T-1.5T-Scanner Comparison. J.
Clin. Med. 2022, 11, 6705. https://
doi.org/10.3390/jcm11226705

Academic Editor: Risto A.
Kauppinen

Received: 1 November 2022
Accepted: 10 November 2022
Published: 12 November 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /
4.0/).

Department of Radiology, Clinic of Radiology & Nuclear Medicine, University Hospital Basel,
4031 Basel, Switzerland
* Correspondence: rusche.thilo@googlemail.com; Fax: +0041-(0)612654354

Abstract: Objectives: The objectives of this study were to assess patient comfort when imaged on
a newly introduced 0.55T low-field magnetic resonance (MR) scanner system with a wider bore
opening compared to a conventional 1.5T MR scanner system. Materials and Methods: In this
prospective study, fifty patients (mean age: 66.2 & 17.0 years, 22 females, 28 males) underwent
subsequent magnetic resonance imaging (MRI) examinations with matched imaging protocols at
0.55T (MAGNETOM FreeMax, Siemens Healthineers; Erlangen, Germany) and 1.5T (MAGNETOM
Avanto Fit, Siemens Healthineers; Erlangen, Germany) on the same day. MRI performed between
05/2021 and 07/2021 was included for analysis. The 0.55T MRI system had a bore opening of 80 cm,
while the bore diameter of the 1.5T scanner system was 60 cm. Four patient groups were defined by
imaged body regions: (1) cranial or cervical spine MRI using a head/neck coil (n = 27), (2) lumbar or
thoracic spine MRI using only the in-table spine coils (n = 10), (3) hip MRI using a large flex coil (n = 8)
and (4) upper- or lower-extremity MRI using small flex coils (n = 5). Following the MRI examinations,
patients evaluated (1) sense of space, (2) noise level, (3) comfort, (4) coil comfort and (5) overall
examination impression on a 5-point Likert-scale (range: 1= “much worse” to 5 = “much better”)
using a questionnaire. Maximum noise levels of all performed imaging studies were measured in
decibels (dB) by a sound level meter placed in the bore center. Results: Sense of space was perceived
to be “better” or “much better” by 84% of patients for imaging examinations performed on the 0.55T
MRI scanner system (mean score: 4.34 & 0.75). Additionally, 84% of patients rated noise levels as
“better” or “much better” when imaged on the low-field scanner system (mean score: 3.90 % 0.61).
Overall sensation during the imaging examination at 0.55T was rated as “better” or “much better”
by 78% of patients (mean score: 3.96 £ 0.70). Quantitative assessment showed significantly reduced
maximum noise levels for all 0.55T MRI studies, regardless of body region compared to 1.5T, i.e.,
brain MRI (83.8 & 3.6 dB vs. 89.3 £ 5.4 dB; p = 0.04), spine MRI (83.7 + 3.7 dB vs. 89.4 &+ 2.6 dB;
p =0.004) and hip MRI (86.3 & 5.0 dB vs. 89.1 & 1.4 dB; p = 0.04). Conclusions: Patients perceived
0.55T new-generation low-field MRI to be more comfortable than conventional 1.5T MRI, given its
larger bore opening and reduced noise levels during image acquisition. Therefore, new concepts
regarding bore design and noise level reduction of MR scanner systems may help to reduce patient
anxiety and improve well-being when undergoing MR imaging.

Keywords: low-field MRI; scanner-comparison; patient comfort; MRI

1. Introduction

Magnetic resonance imaging (MRI) has become indispensable in modern medicine.
It is the gold-standard imaging modality for many soft-tissue and bone diseases [1-4].
However, while the diagnostic value of MRI is undisputed, patient acceptance and comfort
during image acquisition require improvement. One of the main issues is the cramped
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patient position in the narrow MRI tube, explaining patients’ possible discomfort. Claus-
trophobia was reported to manifest in up to 15% of MRI examinations, depending on the
imaged body region, in [5]. In addition to the unpleasant and possibly traumatic patient
experience, discomfort results in the degradation of image quality due to motion artifacts,
premature exam termination, lengthening of scan time due to the need to repeat sequences,
and ultimately the need for sedation or anesthesia [6].

Several factors may be addressed to improve patient comfort, including the noise level
of the examination, lighting, patient position in the scanner, coil design, duration of the
examination, and type and size of the MRI borehole [7-9]. Accordingly, a previous study
revealed the following patient requests for changes to this scanner design: lower noise
levels, availability of music, and more overhead space, and especially the use of larger bore
diameters [10]. In terms of patient interest, this development is favored by the renaissance
of low-field MR, since larger bores are technically easier and more cost-effective to realize
at lower field strengths [11]. Another effect of lower field strengths is an expected lower
acoustic noise level than with higher-field MRI.

Thus, the aim of this study was to evaluate the effects of a larger bore width of a new-
generation low-field 80 cm bore scanner compared with a contemporary 1.5T machine with
a 60 cm opening, specifically regarding the overall patient comfort, using a questionnaire.
In addition, noise measurements were performed on both scanners.

2. Materials and Methods

This prospective study was approved by the Ethikkommission Nordwest- und Zen-
tralschweiz ethics committee (BASEC 2021-00166). Informed consent was obtained from
each patient.

2.1. Study Population

Between May 2022 and July 2022, patients were recruited to volunteer for a repeat
examination at 0.55T following a routine 1.5T MRI examination. Inclusion criteria were
signed patient consent and completion of the 1.5T MRI. Exclusion criteria were emergency
examinations, 1.5T MRI including intravenous (i.v.) contrast media injection, critically ill
and non-consenting patients. In total, 50 patients (28 male, 22 female, 66.2 &= 17.0 years)
were prospectively enrolled, and underwent 0.55T within two hours maximum after the
1.5T MRL

Four groups were defined depending on the imaged body region (Figure 1): (1) 27 patients
received a cranial or cervical spine examination, (2) 10 patients received a lumbar or
thoracic spine examination, (3) 8 patients received a hip examination and (4) 5 patients
received an upper or lower extremity examination (3 patients with knee examination, 1 foot
examination, 1 wrist examination). Indication for the cranial MRI was the clarification of a
stroke. Patients with spinal examinations were scanned for disc degeneration and spinal or
neuroforaminal stenosis. The hip examinations were all performed in patients with painful
hip arthroplasty. The examinations of the knee joints, wrist and foot were performed for
potential trauma sequelae.

2.2. MR Imaging

MRI was performed on a 0.55T scanner with a bore diameter of 80 cm (Siemens
MAGNETOM FreeMax, Siemens Healthineers; Erlangen, Germany) and a 1.5T scanner with
a diameter of 60 cm (Siemens MAGNETOM Avanto Fit, Siemens Healthineers; Erlangen,
Germany; Figure 2). The technical specifications can be found in Table 1. Comparable
protocols for 0.55T and 1.5T were used in all patients with identical sequences, adapted
for the particular field strength. The only exception was the use of a Turbo-Inversion
Recovery-Magnitude (TIRM) instead of a T2 DIXON as a fat-saturated coronary sequence
at 0.55T. Table 2 provides the protocols for 0.55T and 1.5T for the three most imaged body
regions (head, lumbar spine, hip). A head coil was used to examine the skull and cervical
spine (1.5T: 32 channels, 0.55T: 8 channels). Examinations of the spine were performed



J. Clin. Med. 2022, 11, 6705

30f10

using a spine array integrated into the table. Examinations of the hip and extremities were
performed using 6-channel flex coils. Except for examination of the extremities, the patient
position was head-first and supine in all cases. Knees and feet were examined in feet-first
and supine position. The wrist was examined in a “superman position”.

153 patients who received a routine examination at 1.5T during
05/22 to 07/22 were asked if they would repeat the examination
at 0.55T immediately thereafter

- 103 disagreed

v

Fifty patients agreed, divided among the study regions as follows
1) 27 head/c-spine

2) 10 thoracic/lumbar spine

3) 8hip

4) 5 upper or lower extremity

Figure 1. Overview of the patients included and their distribution among the study regions.

Figure 2. Sample pictures of the examination rooms of the Siemens MAGNETOM FreeMax 0.55T
(left side) and Siemens MAGNETOM Avanto Fit 1.5T (right side).

Table 1. Specifications of 0.55T and 1.5T MR scanner systems.

Bore Width (cm) Field Strength (T)  Gradient Amplitude (mT/m)  Slew Rate (T/m/s)

MAGNETOM Free Max
MAGNETOM Avanto FIT

80 0.55 26 45
60 1.50 45 200
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Table 2. Protocols for 0.55T and 1.5T for the three most imaged body regions (head, lumbar spine, hip).

Repitition Echo time (TE) S lice Resolution Field-of-view Time "?f

Time (TR) (ms) thickness (mm?) (FOV) (mm?) acquisition

(ms) (ST) (mm) (TA) (min)
. ) 15T 625 11 4 0.7 x 0.7 300 x 300 02:29
2 T1 Turbo spin echo (TSE) sagittal 0.55T 454 13 4 0.8 x 0.8 320 x 320 05:26
& ) 15T 3600 102 4 0.7 % 07 300 x 300 01:44
5 T2 TSE sagittal 0.55T 3500 99 4 0.8 x 0.8 320 x 320 03:34
£ T2 TSE axial 15T 4210 107 4 0.5 % 0.5 200 x 200 04:40
3 axia 0.55T 5910 84 4 0.5 x 0.5 200 x 200 04:51
T2 DIXON cor 15T 6630 90 5 0.8 x 0.8 300 x 300 05:00
15T 4000 34 35 1109 220 x 220 01:48
TIRM cor 0.55T 4440 35 35 16 x 1.1 220 x 220 02:48
15T 3400 73 35 0.6 X 0.5 220 x 220 01:25
T2 TSE cor 0.55T 3220 77 35 1.0 x 0.7 220 x 220 02:21
a 4 15T 5210 54 5 0.8 x 0.6 180 x 180 03:33
e TIRM axial 0.55T 4260 25 5 1.1 % 0.9 220 x 220 04:58
. 1.5T 661 95 5 0.9 x 0.8 200 x 200 05:44
T1TSE axial 0.55T 517 9.4 5 1x07 220 x 220 03:40
) 1.5T 596 8.5 5 0.9 x 0.7 220 x 220 02:32
T1 TSE sagittal 0.55T 517 9.4 5 1x07 220 x 220 03:40
Fluid attenuated inversion recovery 15T 8510 112 3 0.9x0.9 187 x 230 03:26
(FLAIR) axial 0.55T 7780 9% 3 13x1 209 x 230 05:28
2 Susceptibility weighted imaging 1.5T 48 40 3 1.1 x 0.96 194 x 230 02:17
2 (SWI) axial 0.55T 172 100 3 09x08 201 x 230 02:23
Diffusion weighted imaging (DWI) 15T 6200 103 3 14 x 14 220 x 220 02:04
(echo-planar imaging(EPT)) axial 0.55T 7400 102 3 1.7 x 1.7 230 x 230 04:35

2.3. Questionnaire

Following the MRI examinations, patients evaluated (1) sense of space, (2) noise level,
(3) comfort, (4) coil comfort and (5) overall examination impression on a 5-point Likert-scale
(range: 1 = “much worse” to 5 = “much better”).

2.4. Noise Measurements

Separate noise measurements were made on both scanners. These were performed
without patients. The maximum noise levels in decibels (dB) of all sequences used for
examinations of the skull, spine and hip were recorded. The microphone (DEM 200,
Velleman Group; Gavere, Belgium) was located at the approximate position of the head of
a person with a height of 175 cm, with the respective examination region in the isocenter.
The measurements were repeated three times each.

2.5. Statistics

Mean and standard deviation were calculated for questionnaire ratings and noise
levels in dB. For noise level as a continuous variable, we examined whether there was a
significant difference between 0.55T and 1.5T. The Shapiro-Wilk test was used to test for
normal distribution (& = 0.05). The comparison of the different groups was performed
using the Wilcoxon rank sum test. A p-value < 0.05 was considered statistically significant.

Pearson’s coefficient was calculated for the correlation between the overall sensation
(question 5) of the study and each of the four other parameters (questions 1 to 4).

3. Results

All MRI examinations were performed without incident. No examination was pre-
maturely terminated or interrupted. All questionnaires were completed in full by all
50 participants.

3.1. Questionnaire Results

An overview independent of body region can be found in Figure 3. The noise level of
the 0.55T scanner with the 80 cm bore width was rated 3.9 & 0.6, the comfort 3.7 &+ 0.8, the
sense of space 4.3 £ 0.8, the coil comfort 3.7 &+ 0.6 and the overall examination impression
4.0 £ 0.8. A total of 5 patients (10%) rated the noise level as “much better” in the 0.55T
scanner compared to the 1.5T scanner, 37 patients (74%) rated it as “better”, while 6 patients
rated it as “equal” and 2 patients as “worse”. A total of 29 patients (58%) rated the comfort
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as “much better” (n = 7) or “better” (n = 22), while 21 patients rated it as “equal” (n = 18).
Three patients rated 0.55T MRI examination comfort as “worse” compared with the 1.5T
MRI; 42 (84%) patients rated the available space as “much better” (n = 25) or “better”
(n =17) in the 0.55T scanner compared to the 1.5T scanner, whereas 8 patients rated the
space as “equal”.

100%

® much better

W better
80%
» equal
worse
60%
40%
20%
0%
noise comfort space coil comfort overall

Figure 3. Overview of the patient ranking of the study at 0.55T compared to 1.5T in terms of noise
level, lying comfort, coil comfort and overall sensation.

There was a strong positive correlation between the overall sensation of comfort and
the perception of the noise level (r = 0.66, p < 0.001) as well as the perception of space
(r=0.69, p < 0.001). There was moderate positive correlation between the overall sensation
(r = 0.39; p = 0.032) and the comfort lying down as well as the coil comfort (r = 0.39,
p = 0.005).

Depending on the body region, the following results were obtained for the rating of
the criteria in the 0.55T compared with the 1.5T scanner: the noise level, sense of space,
comfort and coil comfort were rated on average as “better” for all body regions (Figure 4
and Table 3). Twenty patients with examinations of the head and cervical spine rated the
overall experience as “better” or “much better”, six as “equal” and only one as “worse”.
Nine of ten patients with imaging of the thoracic or lumbar spine rated the examination
overall as “better” or “much better”. All eight patients with hip examinations rated the
overall experience as “better” or “much better”. Two patients with examinations of the
extremities rated the examination as better, and three rated it as the same.

Head Spine
' @ much better
@ Dbetter
Extremities @ equal

@

worse

X

Figure 4. Breakdown of the overall examination score comparing 0.55T and 1.5T scanners, divided

among the four different body regions.
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Table 3. Results of the patient evaluation with regard to noise, comfort, space perception, coil comfort
and the overall experience (mean =+ standard deviation) depending on the examined body region.

Noise Comfort Space Coil Comfort Overall

Head/C-Spine 39+07 39+07 44+08 3.6 £ 0.6 3.8+ 0.6
T-/L-Spine 39+06 3.6£1.0 43+0.7 35+05 43+07
Hip 41+£03 34+05 48+ 05 39+04 45+0.5
Extremities 3.8+£05 28+ 05 34+0.6 4000 34106

3.2. Measurement of the Noise Levels

Shapiro-Wilk test revealed the lack of a normal distribution in the noise measurements.
The maximum noise level of the examinations was lower for examinations of the head
(0.55T: 83.8 + 3.6 dB vs. 1.5T: 89.3 + 5.4 dB, p = 0.046), spine (0.55T: 83.7 £ 3.7 dB vs. 1.5T:
89.4 £ 2.6 dB, p = 0.004) and hip (0.55T: 86.3 & 5.0 dB vs. 1.5T: 89.1 £ 1.4 dB, p = 0.402) for
the 0.55T compared with the 1.5T scanner. The sequence with the highest maximum noise
level for the head protocols used was lower for the 0.55T (SWI: 87.3 & 0.6 dB) than for the
1.5T scanner (DWI: 94.7 & 0.6 dB). The sequences with the highest maximum noise level
were higher in the 0.55T than in the 1.5T scanner for the spine and hip protocol (Figure 5).

mO0.55T m1.5T

> Y >

Spine Hip

© W

Figure 5. Maximum noise level in decibels (dB) for the individual sequences of the three body regions
head, spine and hip.

4. Discussion

The aim of our prospective study was to systematically assess patient comfort in a
low-field scanner of the latest generation with 80 cm bore width in comparison to a 1.5T
standard scanner with 60 cm bore width by means of a questionnaire. To our knowledge,
this is the first study to analyze a latest-generation low-field scanner based on a scanner-to-
scanner comparison.

Our study demonstrated that the new-generation 0.55T MRI could improve perceived
patient comfort when compared with a contemporary 1.5T MRI in a prospective setting
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while maintaining acceptable diagnostic quality (Figures 6 and 7). This was most recently
demonstrated in a paper we published, in which we investigated the stroke-imaging
performance of a 0.55T low-field MRI compared to a 1.5T scanner [12]. Similar initial
results were additionally shown in a scanner-scanner comparison (0.55T vs. 1.5T) for spine
imaging and hip-implant imaging, which are currently the subject of our research.

axial; Siemens Avant FLAIR' axiakl; Siemens FreeMax0.55T

[

Figure 6. Exemplary comparison of an axial FLAIR sequence in the context of brain imaging with the
Siemens Avanto FIT 1.5T (left side) and the Siemens Free Max 0.55T (right side).

Figure 7. Exemplary comparison of a sagittal T1-sequence in the context of spine-imaging with the
Siemens Avanto FIT 1.5T (left side) and the Siemens Free Max 0.55T (right side).

Patients overwhelmingly rated the overall experience of the examination, sense of
space and noise level as much better on the 0.55T scanner with 80 cm bore width compared
to the 1.5T scanner with 60 cm bore width. This was true for all regions studied, i.e., both for
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examinations with and without a head coil. These results are in agreement with previously
published results, which showed that a larger bore size was favored by most patients [10].
Improved coil design and volume reduction are also starting points that should make MRI
more patient-friendly, and are desired on the patient side [9].

Coil comfort was also found to be higher in the 0.55T scanner for the tests where flex
coils were used. This is likely explained by the field-strength-related coil geometry, which is
more flexible at 0.55T. Overall, 78% of the patients rated the examination as better i.e., more
comfortable, for the 0.55T compared with the 1.5T MRI This is particularly remarkable
since the examination at 0.55T took place immediately after the first routine examination,
and the patients were informed that this examination was for comparison purposes only,
without additional diagnostic benefit. As such, it can be assumed that there was lesser
patient motivation to suppress urges for movement or endure discomfort to allow for
optimum diagnostic image quality to be obtained.

Our quantitative findings also showed that, regardless of imaged body region and
sequence, the 0.55T scanner was less noisy when compared with the 1.5T MRL This is to
be expected, since the primary source of loudness in MR investigations are vibrations of
the gradient system. These are caused by Lorentz forces, which are proportional to the
field strength. Various studies have shown that the noise level is one of the most important
factors influencing patient comfort in MR imaging [13,14].

Overall, our study demonstrated that a significant increase in patient comfort can be
achieved using a 0.55T scanner. The lower noise level, which was also subjectively rated
as more comfortable by the patients, is directly attributable to the lower field strength.
The new coil design, which is possible at lower field strengths due to the configuration, is
also rated positively by the patients. A larger bore width is also possible at higher field
strengths, but is physically more difficult to realize and therefore more expensive [15].
Further advantages outside the direct focus of this study are ecological and economic:
low-field scanners of the latest generation promise lower acquisition and installation
costs, and are less resource-intensive, which is attracting increasing interest socially and
among patients [13,16]. However, increasing patient comfort in isolation is already of
enormous importance, as it can avoid anesthesia, especially in children, and increase
patient acceptance of MRI examinations [17,18].

There are several limitations that need to be discussed: first, we included only a
small number of patients. Therefore, studies with a larger volume of participants are
warranted. However, this is difficult for monetary and logistical reasons. Secondly, there
was a selection bias because patients who are claustrophobic are less likely to undergo a
second examination. In addition, there might be a further bias in this respect regarding
the scan order: a second scan may be experienced positively or negatively for different
psychological reasons. For example, the factor that the second scan is voluntary could
lead to a more positive impression in the context of the study. Ideally, one could conduct
a control experiment to investigate this effect. However, this was beyond the scope of
our study and would ideally involve a separate study, and was therefore not conducted.
Third, scanners with a bore width of 80 cm and 60 cm were compared. Thus, the evaluation
of the space perception could once again be clearly in favor of the device with the larger
bore width. Further studies should therefore also compare scanners with 70 cm bore and
possibly other scanner designs, such as open-bore scanners. Fourth, when considering
noise levels, it should be noted that the maximum noise level is not only dependent on
the field strength, but also on the gradient design and, in particular, the sequences used.
Therefore, a pure comparison in terms of field strength is only possible to a limited extent.
Overall, it can be said that larger-scale prospective studies are needed to investigate the
influence of bore size, noise level, and scanner geometry on patient comfort and patient
acceptance. Ultimately, however, these comparisons are difficult. For example, examination
times are longer at lower field strengths, which of course also has an impact on patient
comfort, and open-bore scanners have disadvantages in terms of diagnostic power and
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are therefore not an equivalent substitute in every respect, which could necessitate the
repetition of examinations [19].

In conclusion, this study showed that patients perceived 0.55T new-generation low-
field MRI as more comfortable compared with conventional 1.5T MRI, given its larger bore
opening and reduced noise levels during image acquisition. Thus, new-generation low-
field MRI may increase patient acceptance and represent a viable alternative for anxious or
claustrophobic patients, who could benefit from this new system.

Author Contributions: Conceptualization, T.R. and H.-C.B.; methodology, T.R. and H.-C.B.; soft-
ware, T.R., H.-C.B. and M.S,; validation, T.R. and H.-C.B.; formal analysis, T.R. and H.-C.B.; in-
vestigation, T.R. and H.-C.B.; resources, T.R., H.-C.B. and E.M.M.; data curation, T.R. and H.-C.B,;
writing—original draft preparation, T.R. and H.-C.B.; writing—review and editing, T.R., H-C.B., J.V,,
D.J.W, R.D., M.B., M.S. and E.M.M,; visualization, T.R. and H.-C.B.; supervision, H.-C.B.; project
administration, T.R. and H.-C.B. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethikkommission Nordwest- und Zentralschweiz ethics committee
(BASEC 2021-00166).

Informed Consent Statement: Informed consent was obtained from each patient.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

Mannaerts, C.K.; Kajtazovic, A.; Lodeizen, O.A.; Gayet, M.; Engelbrecht, M.R; Jager, G.J.; Wijkstra, H.; de Reijke, T.M.; Beerlage,
H.P. The Added Value of Systematic Biopsy in Men with Suspicion of Prostate Cancer undergoing Multiparametric MRI-Targeted
Biopsy. In Urologic Oncology: Seminars and Original Investigations; Elsevier: Amsterdam, The Netherlands, 2019; p. 298.el.
Viallon, M.; Cuvinciuc, V.; Delattre, B.; Merlini, L.; Barnaure-Nachbar, 1.; Toso-Patel, S.; Becker, M.; Lovblad, K.O.; Haller, S.
State-of-the-art MRI techniques in neuroradiology: Principles, pitfalls, and clinical applications. Neuroradiology 2015, 57, 441-467.
[CrossRef] [PubMed]

Maron, M.S.; Maron, B.J. Clinical impact of contemporary cardiovascular magnetic resonance imaging in hypertrophic cardiomy-
opathy. Circulation 2015, 132, 292-298. [CrossRef] [PubMed]

Palestro, C.J.; Love, C.; Miller, T.T. Imaging of musculoskeletal infections. Best Pract. Res. Clin. Rheumatol. 2006, 20, 1197-1218.
[CrossRef] [PubMed]

Dewey, M.; Schink, T.; Dewey, C.F. Claustrophobia during magnetic resonance imaging: Cohort study in over 55,000 patients.
J. Magn. Reson. Imaging 2007, 26, 1322-1327. [CrossRef] [PubMed]

Sadigh, G.; Applegate, K.E.; Saindane, A.M. Prevalence of Unanticipated Events Associated with MRI Examinations: A Benchmark
for MRI Quality, Safety, and Patient Experience. |. Am. Coll. Radiol. 2017, 14, 765-772. [CrossRef] [PubMed]

Eshed, I; Althoff, C.E.; Hamm, B.; Hermann, K.-G.A. Claustrophobia and premature termination of magnetic resonance imaging
examinations. J. Magn. Reson. Imaging 2007, 26, 401-404. [CrossRef] [PubMed]

Alibek, S.; Vogel, M.; Sun, W.; Winkler, D.; Baker, C.A.; Burke, M.; Gloger, H. Acoustic noise reduction in MRI using Silent Scan:
An initial experience. Diagn. Interv. Radiol. 2014, 20, 360-363. [CrossRef] [PubMed]

Brunnquell, C.L.; Hoff, M.N.; Balu, N.; Nguyen, X.V.; Oztek, M.A.; Haynor, D.R. Making magnets more attractive: Physics and
engi-neering contributions to patient comfort in MRI. Top Magn. Reason. Imaging 2020, 29, 167-174. [CrossRef] [PubMed]

Iwan, E.; Yang, J.; Enders, J.; Napp, A.E.; Rief, M.; Dewey, M. Patient preferences for development in MRI scanner design: A
survey of claustrophobic patients in a randomized study. Eur. Radiol. 2020, 31, 1325-1335. [CrossRef] [PubMed]

Runge, V.M.; Heverhagen, ].T. Advocating the Development of Next-Generation, Advanced-Design Low-Field Magnetic Reso-
nance Systems. Investig. Radiol. 2020, 55, 747-753. [CrossRef] [PubMed]

Rusche, T.; Breit, H.C.; Bach, M.; Wasserthal, J.; Gehweiler, J.; Manneck, S.; Lieb, ].M.; De Marchis, G.M.; Psychogios, M.N.;
Sporns, P.B. Potential of Stroke Imaging Using a New Prototype of Low-Field MRI: A Prospective Direct 0.55 T/1.5 T Scanner
Comparison. J. Clin. Med. 2022, 11, 2798. [CrossRef] [PubMed]

Heiss, R.; Grodzki, D.M.; Horger, W.; Uder, M.; Nagel, A.M.; Bickelhaupt, S. High-performance low field MRI enables visualization
of persistent pulmonary damage after COVID-19. Magn. Reson. Imaging 2020, 76, 49-51. [CrossRef] [PubMed]

Quirk, M.E; Letendre, A J.; Ciottone, R.A.; Lingley, J.E. Anxiety in patients undergoing MR imaging. Radiology 1989, 170, 463—-466.
[CrossRef] [PubMed]


http://doi.org/10.1007/s00234-015-1500-1
http://www.ncbi.nlm.nih.gov/pubmed/25859832
http://doi.org/10.1161/CIRCULATIONAHA.114.014283
http://www.ncbi.nlm.nih.gov/pubmed/26216086
http://doi.org/10.1016/j.berh.2006.08.009
http://www.ncbi.nlm.nih.gov/pubmed/17127204
http://doi.org/10.1002/jmri.21147
http://www.ncbi.nlm.nih.gov/pubmed/17969166
http://doi.org/10.1016/j.jacr.2017.01.043
http://www.ncbi.nlm.nih.gov/pubmed/28356198
http://doi.org/10.1002/jmri.21012
http://www.ncbi.nlm.nih.gov/pubmed/17610281
http://doi.org/10.5152/dir.2014.13458
http://www.ncbi.nlm.nih.gov/pubmed/24808439
http://doi.org/10.1097/RMR.0000000000000246
http://www.ncbi.nlm.nih.gov/pubmed/32541257
http://doi.org/10.1007/s00330-020-07060-9
http://www.ncbi.nlm.nih.gov/pubmed/32876831
http://doi.org/10.1097/RLI.0000000000000703
http://www.ncbi.nlm.nih.gov/pubmed/33156083
http://doi.org/10.3390/jcm11102798
http://www.ncbi.nlm.nih.gov/pubmed/35628923
http://doi.org/10.1016/j.mri.2020.11.004
http://www.ncbi.nlm.nih.gov/pubmed/33220447
http://doi.org/10.1148/radiology.170.2.2911670
http://www.ncbi.nlm.nih.gov/pubmed/2911670

J. Clin. Med. 2022, 11, 6705 10 of 10

15.
16.

17.

18.
19.

Cosmus, T.C.; Parizh, M. Advances in Whole-Body MRI Magnets. IEEE Trans. Appl. Supercond. 2010, 21, 2104-2109. [CrossRef]
Vosshenrich, J.; Breit, H.-C.; Bach, M.; Merkle, EM. Okonomische Aspekte der Niederfeld-Magnetresonanztomographie. Der
Radiol. 2022, 62, 400-404. [CrossRef] [PubMed]

Hudson, D.; Heales, C.; Meertens, R. Review of claustrophobia incidence in MRI: A service evaluation of current rates across a
multi-centre service. Radiography 2022, 28, 780-787. [CrossRef] [PubMed]

Murphy, K.J.; Brunberg, J.A. Adult claustrophobia, anxiety and sedation in MRI. Magn. Reson. Imaging 1997, 15, 51-54. [CrossRef]
Vahlensieck, M.; Schnieber, O. Routineperformance eines offenen Niederfeld-MRT-Gerits in der Beurteilung des Kniebinnen-
schadens und Vergleich mit Hochfeldsystemen. Orthopade 2003, 32, 175-178. [CrossRef] [PubMed]


http://doi.org/10.1109/TASC.2010.2084981
http://doi.org/10.1007/s00117-022-00986-9
http://www.ncbi.nlm.nih.gov/pubmed/35348808
http://doi.org/10.1016/j.radi.2022.02.010
http://www.ncbi.nlm.nih.gov/pubmed/35279401
http://doi.org/10.1016/S0730-725X(96)00351-7
http://doi.org/10.1007/s00132-002-0389-7
http://www.ncbi.nlm.nih.gov/pubmed/12607084

	Introduction 
	Materials and Methods 
	Study Population 
	MR Imaging 
	Questionnaire 
	Noise Measurements 
	Statistics 

	Results 
	Questionnaire Results 
	Measurement of the Noise Levels 

	Discussion 
	References

